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Abstract
Background. Patients with full thickness rotator cuﬀ tears typically demonstrate an increase in scapular motion, both in the clinic and
under controlled laboratory conditions. To better understand the mechanisms behind this pattern of motion, we propose a suprascapular
nerve block as an appropriate model of dysfunction of the supraspinatus and infraspinatus, which are the two tendons most commonly
aﬀected in cuﬀ tear patients.
Methods. Healthy subjects underwent testing for 3D scapular kinematics with a Polhemus magnetic tracking device and isometric
force measurements during external rotation. A suprascapular nerve block was then performed with the injection of lidocaine into
the suprascapular notch of each subject. Scapular kinematics and isometric force measurements were repeated after conﬁrmation of
the block.
Findings. The nerve block resulted in no signiﬁcant changes in clavicular rotations and scapular posterior tilting. However, there was a
signiﬁcant increase in scapular external rotation and upward rotation. While kinematic changes returned to baseline within 25 min of the
block, force measurements did not return to baseline until 75 min post-block.
Interpretation. The results of this study, especially those for upward rotation, are in general agreement with what has been found for
patients with rotator cuﬀ tears. While the supraspinatus and infraspinatus do not directly control the movement of the scapula, they
appear to result in a compensatory change in scapular motion. Although more work needs to be done, it appears that abnormal scapular
motion patterns observed in patients with cuﬀ tears may therefore be compensatory in nature.
 2006 Elsevier Ltd. All rights reserved.
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1. Introduction
In the United States, it is estimated that the incidence of
rotator cuﬀ tears in patients over 40 years of age may be as
high as 40%, making it one of the most prevalent complications associated with the adult shoulder (Matsen et al.,
2004; Soslowsky et al., 1997). Although the etiology of
rotator cuﬀ tears is multifactorial, it has been suggested
that if the synchronous pattern of motion between the
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scapula and humerus is disrupted, the rotator cuﬀ tendons
might become impinged under the coracoacromial arch (Fu
et al., 1991). This may in part be due to the fact that alterations in scapular orientation can aﬀect the amount of
clearance in the subacromial space, as demonstrated
in vivo with Magnetic Resonance Imaging (MRI) (SolemBertoft et al., 1993) and in cadavera models (Karduna
et al., 2005; Wong et al., 2003).
In the clinic, alterations of scapular movement patterns
are associated with several conditions that can accompany
rotator cuﬀ tears, such as muscle weakness (Nicholson,
1989), fatigue (Cohen and Williams, 1998), and paralysis
(Matsen and Arntz, 1990). Several research studies have
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quantitatively demonstrated that patients with cuﬀ tears
have increased scapular motion when compared to healthy
controls (Yamaguchi et al., 2000; Paletta et al., 1997; Deutsch et al., 1996; Mell et al., 2005). Since it is not practical
to observe patients before they develop cuﬀ tears, we do
not know whether these abnormal patterns are causal or
compensatory in nature. In this situation, controlled models are often useful in understanding an underlying pathology. To date, there has been extensive work in the
development of animal (Soslowsky et al., 1996; Dejardin
et al., 2001; Tillander et al., 2001) and cadavera (Parsons
et al., 2002; Halder et al., 2002; Thompson et al., 1996)
models of rotator cuﬀ tears. However, an in vivo human
model would provide additional information.
The majority of full thickness tears start with the supraspinatus tendon and then progress posteriorly to the infraspinatus tendon (Matsen et al., 2004; Sher, 1999).
Therefore, interventions that result in dysfunction of these
muscles are candidate models. One possibility is to selectively fatigue these muscles. Although we have had success
with this approach for the infraspinatus in our laboratory
(Tsai et al., 2003), the supraspinatus is more of a challenge.
Another approach would be the use of a pharmacological
nerve block. The suprascapular nerve branches from the
superior trunk of the brachial plexus, and after passing
inferiorly and laterally, goes deep to the trapezius muscle.
The nerve then passes through the suprascapular notch
and innervates both the supraspinatus and infraspinatus
muscles (Pratt, 1991). Suprascapular nerve blocks are commonly performed clinically for pain relief of the shoulder
due to conditions such as adhesive capsulitis and nerve
entrapment (Tan et al., 2002; Shanahan et al., 2003; Karatas and Meray, 2002). However, several investigators have
taken advantage of its innervation to perform nerve block
studies for biomechanical evaluations of strength (Kuhlman et al., 1992; Howell et al., 1986; Colachis and Strohm,
1971) and kinematics (Howell and Kraft, 1991).
We propose the use of a suprascapular nerve block as an
appropriate model of dysfunction of the supraspinatus and
infraspinatus muscles. Speciﬁcally, the aim of this project is
to examine the eﬀect of a suprascapular nerve block on
scapular kinematics. We hypothesize that this block will
result in a compensatory increase in scapular rotations
and decrease in glenohumeral motion.
2. Methods
2.1. Subjects
Fifteen subjects participated in this study (age range 20–
33 years). There were seven females and eight males, with a
mean age of 26 (SD 4) years, a mean height of 174 (SD
9) cm and a mean mass of 70 (SD 10) kg. Subjects were
excluded from the study if they had any of the following:
(1) less than 135 of active humeral elevation in the scapular plane; (2) prior shoulder surgery; (3) shoulder injury in
the past six months; (4) presence of shoulder pain prevent-

ing the correct execution of tests; (5) allergies to lidocaine.
Additionally, all subjects indicated that they had no history
of cervical or shoulder pain or pathology and were
recruited from a diverse university population. The dominant shoulder of each subject was tested. Approval for this
study was obtained from the Institutional Review Board of
the University of Oregon. All subjects were informed of the
nature and details of the study and gave written and verbal
consent prior to their participation.
2.2. Kinematic measurements
A Polhemus 3Space Fastrak (Colchester, VT, USA) was
used for collecting three-dimensional in vivo kinematics of
the shoulder complex. Subjects were asked to sit with their
thoracic spine, scapula, and humerus exposed for receiver
placement. Women were asked to wear a sports bra, which
allowed access to the entire scapular region. Subject’s sat
with their feet ﬂat on the ﬂoor at a comfortable width
apart, back against the chair, and eyes ﬁxed forward. This
seated position was maintained throughout marker placement while a standing position was used for digitization
and collection procedures.
The Fastrak is a magnetic tracking device that consists
of a global positioning transmitter, three receivers (thoracic, scapular, and humerus), and a digitizing probe,
which are hardwired to the system electronics unit. The
transmitter was ﬁrmly attached to a vertical stand at a distance of approximately 50 cm behind the subject and was
leveled. The ﬁrst receiver was placed on the spinous process
of the third thoracic vertebra using Spirit Gum adhesive
and Micropore tape to ﬁx the receiver to the skin. The second receiver was secured to a custom cuﬀ made of Polyform (Sammons Preston Rolyan, Bolingbrook, IL, USA)
splinting material, positioned on the distal humerus. This
receiver was aligned between the medial and lateral epicondyles of the dominant arm and was secured with a Velcro
strap. The ﬁnal receiver was positioned over the scapula
after mounting it on a custom made and previously validated scapular-tracking device machined from plastic.
The base of the scapular-tracker is plastic and has a hinge
joint that conforms to the spine of the scapula. From this
base, an adjustable arm extends and contacts the acromion.
The base and the arm contacting the acromion were
attached to the skin with adhesive-backed Velcro strips
placed above and below the spine of the scapula and on
the ﬂat part of the acromion just proximal to the origin
of the deltoid muscle (Fig. 1). We have previously validated
this technique for assessing scapular kinematics with an
in vivo bone pin study (Karduna et al., 2001).
A series of standardized embedded axes were established. These axis systems were derived from a series of
anatomical landmarks proposed by the shoulder sub-committee of the International Society of Biomechanics committee for standardization and terminology (Wu et al.,
2005). The landmarks on each bony segment were digitized
in the following order: seventh cervical vertebra, eighth
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Fig. 1. Photograph of nerve block procedure demonstrating drug injection, stimulation wire, needle and scapular-tracker. The EMG electrodes
were used for a separate study.

thoracic vertebra, sternal notch, xiphoid process, acromioclavicular joint, root of the scapular spine, inferior angle,
posterio-lateral edge of acromion, medial epicondyle, lateral epicondyle, and center of humeral head. All landmarks
were on the surface of each subject and could be digitized
directly, with the exception of the humeral head. The center
of the humeral head was determined as the point that
moved the least with regard to the scapula when the
humerus was moved throughout short arcs of mid-range
glenohumeral motion and was calculated using a least
squares algorithm (Harryman et al., 1990).
Standard matrix transformation methods were applied
to determine the rotational matrix of the humerus with
respect to the thorax or scapula and the scapula with
respect to the thorax. Humeral rotations were represented
using a standard Euler angle sequence where the ﬁrst rotation deﬁned the plane of elevation, second deﬁned the
amount of elevation, and the last rotation represented the
amount of internal and external rotation (An et al.,
1991). Scapular rotations were also represented by an Euler
angle sequence of external rotation (retraction), upward
(lateral) rotation and posterior tilting (Karduna et al.,
2000). Two clavicular rotations, protraction/retraction
and elevation/depression were used to describe scapular
position with respect to the thorax (Karduna et al.,
2001). Clavicular angles were derived from the location
of the sternal notch and acromioclavicular joint, which
were tracked with the thoracic and scapular receivers,
respectively.
2.3. Maximum voluntary isometric force measurements
In order to best isolate the torque due to the supraspinatus and infraspinatus muscles, shoulder external rotation
force was measured with a 3390-50, 50 kg compression
load cell (Lebow, Troy, MI, USA). The load cell was connected to a mobile horizontal brace attached to the wall
which could be adjusted and ﬁxed for subject variations
in height. Subjects were seated in a chair position that
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was marked for repeated placement. The load cell was
adjusted so that the dorsal side of the subject’s hand was
in contact with a foam pad attached to the load cell when
the arm was at the side, in neutral shoulder rotation with
the elbow at 90 of ﬂexion. A large weight was placed next
to the front leg of the chair to prevent chair rotation during
collection. The investigator also applied force to the subject’s thigh to oppose rotational motion created from the
force of contraction. The investigator positioned the subject’s arm until a tone sounded, at which time the subject
was instructed to produce a maximal shoulder external
rotation torque for 3 s. The average force produced during
the middle one second period of each maximal voluntary
isometric contraction (MVC) was averaged and recorded.
External rotation force data was used to conﬁrm a successful nerve block, with an acceptance threshold of at least a
50% reduction in external rotation force from baseline
(Colachis and Strohm, 1971; Kuhlman et al., 1992).
2.4. Testing protocol
Prior to data collection, the following warm-up procedure was performed: hanging humeral circumduction (15
clockwise/15 counter-clockwise rotations), horizontal
shoulder ﬂexion/extension, and shoulder abduction/adduction with a 2.3 kg mass in the dominant hand. The glenohumeral joint was then preconditioned by placing it in
90 of elevation in the coronal plane while the investigator
passively rotated the shoulder. Subjects verbally conﬁrmed
when a good stretch was felt in the shoulder capsule and
the investigator held the position for 15 s. Three internal
and three external stretches were used to complete shoulder
preconditioning.
Subjects were asked to stand while performing normal
shoulder elevations in the scapular plane prior to and following the nerve block procedure. Scapular plane orientation was deﬁned as approximately 30–35 anterior to the
coronal plane. To ensure proper placement, real time conﬁrmation of the position of the humerus was checked
through on screen visual feedback from the magnetic tracking device. Prior to each collection the investigator positioned the arm in the correct scapular plane, moved the
arm through 30 of humeral elevation/depression, and
returned the arm to the subject’s side. Shoulder elevation
trials were collected with subjects standing at a marked
position, eyes facing forward, elbow in full extension, with
the thumb pointing toward the ceiling. The range of
motion produced was subject dependant, but all trials
began with the arm at the subject’s side.
Two shoulder elevation trials were collected prior to a
suprascapular nerve block. To control the velocity of
motion, audible counts of 4 s were used during both shoulder elevation and depression (8 s total). Three shoulder elevations and depressions constituted one complete trial.
Nine shoulder elevation trials were collected following
the suprascapular nerve block. Immediately following each
completed trial, MVC measurements as described above
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were collected. There was a 5 min rest period following
the end of force collection and the beginning of the next
kinematic trial.
2.5. Suprascapular nerve block
One of the authors (PK), who is a Board Certiﬁed Anesthesiologist, performed the nerve block procedure. Subjects
were seated, with their head allowed to ﬂex forward. The
area around the shoulder was sterilized with betadine and
the scapular spine was palpated bilaterally for comparison
and accuracy. One inch above the junction of the middle
and outer third of the scapular spine, the suprascapular
nerve was targeted at the scapular notch using an insulated
Stimuplex (STIMD2250/30) 22 GA · 2 in. 30 Bevel needle
(B. Braun Medical Inc., Bethlehem, PA, USA) through a
skin wheel of 0.2 ml of 1% lidocaine (Fig. 1). Nerve stimulation was achieved with a current of 0.6 mA and then
reduced to conﬁrm stimulation at 0.2 mA with needle repositioning as necessary using a Stimuplex-Dig ‘Nerve stimulator for plexus anesthesia’ (B. Braun Medical Inc.,
Bethlehem, USA). After aspiration did not result in blood,
lidocaine 1.5% 1 ml was injected. In one subject, the notch
was not identiﬁed, but stimulation conﬁrmed proximity to
the suprascapular nerve. In all cases, stimulation was abolished at 0.5 mA 30 seconds after the lidocaine dose. The
remaining 5.7 ml of 1.5% lidocaine (total 100 mg) were
injected and the needle was removed. A time stamp was
recorded, and a countdown timer initiated, the moment
the needle was withdrawn. Five minutes post-needle withdrawal, a manual muscle test at 15 of bilateral humeral
abduction was performed to check for muscle weakness.
Ten minutes following needle withdrawal, subjects were
asked to stand, and the ﬁrst of nine nerve blocked shoulder
elevation trials commenced.
2.6. Data reduction and analysis
The percent reduction in external rotation force was calculated between the data collected immediately prior to
and immediately after the nerve block. For each trial, scapular rotations were interpolated in 10 increments of
humerothoracic elevation and averaged over the three elevations. Statistical tests were performed at humeral elevation angles from 20 to 120, as this was the common
range achieved by all subjects under all conditions. Kinematic and force data from the two trials conducted prior
to the nerve block were used to assess reliability using
the Intraclass Correlation Coeﬃcient, ICC (3,1), and the
Standard Error of the Measurement (SEM) (Portney and

Watkins, 2000). For each dependent variable (scapular
posterior tilting, upward rotation and external rotation,
clavicular plane and elevation and glenohumeral elevation)
a two way repeated measures analysis of variance
(ANOVA) was performed with two within subject factors
(elevation angle and block). If there was a signiﬁcant eﬀect
of the block and a signiﬁcant interaction between the two
factors, follow-up paired t-tests were run at each humeral
elevation angle. As an additional check of the eﬀects of
the nerve block, the maximum absolute change in rotation
for each dependent variable was recorded for each trial and
averaged over all of the subjects. The means of these were
compared to zero with a one sample t-test. The alpha level
was set at 0.05 for all analyses.
3. Results
Out of the original 15 subjects tested, 10 were included
for the purposes of data analysis. Four subjects did not
meet the 50% reduction in external rotation torque and
one subject was so aﬀected by the block that she could
not elevate her arm without assistance.
The ICC values were 0.85 or better for all kinematic
variables, except for clavicular plane values below 80 of
humeral elevation. The SEM was 2 or less for all dependent variables, except for external rotation (Table 1). For
external rotation force, the ICC was 0.92 and the standard
error of the measurement was 0.8 kg.
There was no signiﬁcant eﬀect of the nerve block on posterior tilting, clavicular protraction and clavicular elevation. For scapular upward (lateral) rotation, there was a
signiﬁcant eﬀect of the block (P = 0.009) and a signiﬁcant
interaction between elevation angle and block
(P < 0.001). Follow-up t-tests indicated that the amount
of upward rotation was signiﬁcantly increased due to the
block at humerothoracic elevations from 20 to 90
(P < 0.01 for all except 90, where P = 0.025) (Fig. 2B).
For scapular external rotation (retraction), there was a signiﬁcant eﬀect of the block (P = 0.036), but there was no
signiﬁcant interaction between humerothoracic elevation
angle and block (P = 0.916). Follow-up t-tests indicated
that the amount of external rotation signiﬁcantly increased
due to the block at humerothoracic elevations from 70 to
120 (P < 0.05) (Fig. 2C). For glenohumeral elevation,
there was a signiﬁcant eﬀect of the block (P = 0.021) and
a signiﬁcant interaction between humerothoracic elevation
and block (P < 0.001). Follow-up paired t-tests reveal that
glenohumeral elevation was signiﬁcantly decreased due to
the block at humerothoracic elevations from 30 to 90
(P < 0.05) (Fig. 2F). When considering the maximum abso-

Table 1
Reliability of kinematic variables

ICC range
SEM range [deg]

Posterior tilting

Upward rotation

External rotation

Clavicular plane

Clavicular elevation

Glenohumeral elevation

0.95–0.98
0.4–1.1

0.97–0.99
0.6–1.0

0.86–0.95
1.8–2.4

0.71–0.93
1.3–1.7

0.97–0.99
0.5–0.8

0.85–0.99
0.7–1.5
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A

B

Posterior Tilting

Posterior

Upward Rotation

Upward

7

7

Anterior

*

3
2
1
0
-1
-2
-3
-4

Downward

0

20

40

60

80

100

*

2
1
0
-1
-2
-3
-4
0

20

40

D

Scapular Rotation [deg]

-1
-2

Internal

-3
-4

*

*

*

*

*

Clavicular Rotation [deg]

*

3
2
1
0

100

120

100

120

100

120

7
6
5
4
3
2
1
0

-1
-2
-3

20

40

60

80

100

120

0

20

40

Humeral Elevation [deg]
E

60

80

Humeral Elevation [deg]

F

Clavicular Elevation

Glenohumeral Motion

Elevation

7

Glenohumeral Elevation [deg]

Clavicular Rotation [deg]

80

Retraction -4

0

Elevation

60

Clavicular Plane

Protraction

5
4

*

Humeral Elevation [deg]

7
6

*

3

120

External Rotation

External

*

*

5
4

Humeral Elevation [deg]

C

*

*

6

Scapular Rotation [deg]

Scapular Rotation [deg]

6
5
4
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6
5
4
3
2
1
0
-1
-2

-3
Depression -4

1
0
-1
*

-2
-3

*

*
*

-4

*

-5

*

*

-6
-7
-8
-9

Depression -10

0

20

40

60

80

100

120

0

20

40

60

80

Humeral Elevation [deg]

Humeral Elevation [deg]

Fig. 2. Mean (SEM) diﬀerences between post- and pre-nerve block trials for (A) scapular posterior tilting, (B) scapular upward rotation, (C) scapular
external rotation, (D) clavicular plane, (E) clavicular elevation and (F) glenohumeral elevation. *P < 0.05.

lute change in rotations, all dependent variables demonstrated a signiﬁcant change (P < 0.001) due to the block
(Fig. 3).
The nerve block resulted in a mean external rotation
force level which was 25% of the original baseline measurement. With subsequent trials, there was a linear force
recovery, which was still signiﬁcantly lower than baseline
until the last trial (approximately 75 min after the block)
(Fig. 4A). As an indicator of kinematic recovery, we looked
at the changes in upward rotation at 60 of elevation, since
that was where the maximum post-block changes were
observed. Unlike force recovery, the changes in kinematics
demonstrated a dramatic drop over the ﬁrst several trials
and were not signiﬁcantly diﬀerent from baseline by the

third post-block trial (approximately 25 min after the
block) (Fig. 4B).
4. Discussion
The results of the current study support our original
hypothesis that a suprascapular nerve block results in a
compensatory increase in scapular rotations and decrease
in glenohumeral motion. Interestingly, when analyzing
mean data, these changes were only observed for upward
rotation and external rotation. However, when the absolute magnitude of the changes was analyzed, all six kinematic variables demonstrated signiﬁcant changes. This
was due to the fact that for some subjects there was an
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Kinematic Changes Following Nerve Block

Maximum Absolute Change [degrees]

12

*
10

*

*

8

*

6

*

*
4
2
0
Posterior
Tilting

Upward
Rotation

External
Rotation

Clavicular
Protraction

Clavicular Glenohumeral
Elevation
Elevation

Fig. 3. Maximum absolute mean (SEM) changes between post- and prenerve block data.

Percent Baseline Force

A 100
*

80

*

*
*
*

60
*
*

40
*
20

0
0

1

2

3

4

5

6

7

8

9

8

9

Post Block Trial Number
B

*

Increase in Upward Rotation [deg]

7
6
5

*

4
3
2
1
0
-1
-2
-3
0

1

2

3

4

5

6

7

Post Block Trial Number
Fig. 4. Mean (SEM) values for (A) percent baseline external rotation
force and (B) changes in upward rotation at 60 of elevation vs post-block
trial numbers. *P < 0.05.

increase in motion and for others there was a decrease in
motion. Despite the fact that the muscles innervated by
the suprascapular nerve (supraspinatus and infraspinatus)
do not directly control the movement of the scapula, they
appear to result in a compensatory change in scapular
motion.
Although the underlying mechanisms of overuse shoulder injuries have not been well established, a comprehensive review by the National Institute for Occupational
Safety and Health (NIOSH) has found compelling evidence
for a ‘‘positive association between highly repetitive work
and shoulder musculoskeletal disorders’’ (Bernard, 1997).
More recently Svendsen et al. have demonstrated a direct
relationship between highly repetitive work activity involving arm elevation and MRI documented damage to the
rotator cuﬀ tendons (Svendsen et al., 2004). Although,
the mechanism behind this relationship is not fully understood, the ﬂow chart in Fig. 5 demonstrates one proposed
model linking elevation and injury. The current study represents a novel model for the study of compromised rotator
cuﬀ function in a controlled environment.
The results of the present study are similar to the diﬀerences observed between patients with rotator cuﬀ tears and
healthy controls, where the patients with cuﬀ tears demonstrated more upward rotation, with these diﬀerences peaking in the mid-ranges of motion (Yamaguchi et al., 2000;
Paletta et al., 1997; Mell et al., 2005). However, while the
largest mean increase at any humeral elevation angle for
our subjects was 5.8, patients with rotator cuﬀ tears demonstrated much greater increases in upward rotation when
compared to controls, ranging from 9 to 21 (Yamaguchi
et al., 2000; Paletta et al., 1997; Mell et al., 2005). In a previous study in our laboratory, we looked at the eﬀects of a
global fatigue protocol on scapular kinematics and found
similar results as in the present study: an increase in scapular rotation of approximately 6, which peaked in the
mid-range of elevation (Ebaugh et al., 2005). We used spectral shifts in surface electromyography (EMG) as an indicator of local muscle fatigue and found that the largest
decrease in median power frequency was with the infraspinatus (22% drop). This was almost double the decrease of
the next most fatigued muscle (posterior deltoid). It is possible that this muscle’s relatively small size and function as
a humeral head stabilizer accounts for this eﬀect.
It is interesting that three separate models of rotator cuﬀ
dysfunction (nerve block, fatigue and tears) resulted in the
same general pattern of increased scapular upward rotation
in the mid-range of motion. Although there are clearly differences in these models, there may be some dominant
underlying compensatory mechanism responsible for these
changes. The larger response from the cuﬀ tear studies is
presumably due to the fact that fatigue or a nerve block
does not create the same level of compromised function
as a tear of a tendon. Based on the presented recovery data,
a substantial reduction in muscle force was necessary to elicit an increase in upward rotation. If we assume that the
force level at the ﬁrst post-block measurement represented
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Nerve Block
Altered
Proprioception
Repetitive
Arm
Elevation

Fatigue

Compromised
Muscle
Function
Altered
Kinematics

Increased
Tissue
Loading
Proprioception

Tendon
Damage

Fig. 5. Flow chart illustrating one possible mechanism for how repetitive arm elevation may lead to tendon damage.

a complete block, then with a force recovery from the block
of less than 20%, no signiﬁcant changes in upward rotation
were observed. These results are consistent with the observations of Mell et al. (2005) who found that while rotator
cuﬀ tears resulted in increases in upward rotation, rotator
cuﬀ tendinopathy did not. However, care should be taken
when comparing the results from the present study to studies of scapular kinematics in patients with impingement
syndrome. While two other studies noted a decrease in
upward rotation with impingement syndrome (Ludewig
and Cook, 2000; Endo et al., 2001), three saw no signiﬁcant
diﬀerences (Lukasiewicz et al., 1999; Graichen et al., 2001;
Hebert et al., 2002).
Our assessment of the extent to which a subject was
blocked was based on strength measurements. We chose
to measure shoulder strength during external rotation
because it is a position that does a reasonable job of isolating the infraspinatus (Kuechle et al., 2000). Due to the
activity of the deltoid, it would be diﬃcult if not impossible
to isolate the supraspinatus. Kuechle et al. (2000) measured
moment arms around the shoulder for the same motion
used to assess strength in the present study – external rotation with the arm at the side. They found that the only
muscles that had a positive external rotation moment
arm were the teres minor, infraspinatus, supraspinatus,
middle and posterior deltoid. When they combined
moment arm and cross sectional area data, they were able
to estimate the contribution of each muscle to maximum
external rotation torque. Based on their analysis, if the contribution of the infraspinatus and supraspinatus was
removed, the resulting torque would represent 29% of the
total external rotation torque generating capacity in this
position. This is in excellent agreement with the data from
the current study, in which nerve block resulted in a mean
external rotation force level of 25% of baseline.
The changes in scapulothoracic and humeral kinematics
noted in the present study may lead to detrimental conditions such as a reduction in the subacromial space, malalignment of the humeral head and glenoid fossa, or a
reduction in muscle mechanics (ideal muscle length and
moment arms). Alternatively, the scapulothoracic kinematic changes might be considered beneﬁcial as they may
be compensatory motions helping to maintain joint stability. The increased scapular upward rotation observed in the

current study may serve to assist with elevation. With a
dynamic shoulder testing apparatus, researchers at the
University of Pittsburgh found that simulated tears (Parsons et al., 2002) and paralysis (Thompson et al., 1996)
of the rotator cuﬀ resulted in an inability to fully elevate
the arm. However, using a similar model, Sharkey et al.
(1994) reported that with simulated paralysis of the entire
rotator cuﬀ (so that the deltoid was the only active muscle),
there was no reduction in maximum elevation angle. The
key diﬀerence between the two models is that Sharkey
et al. (1994) incorporated scapular rotations, while the
studies by Parsons et al. (2002) and Thompson et al.
(1996) kept the scapula ﬁxed.
Although clinical nerve blocks are typically performed
with the assistance of ﬂuoroscopy, in order to facilitate
data collection, the nerve blocks for the present study were
performed in our laboratory, without any ﬂuoroscopy.
Therefore, we performed two checks to verify the integrity
of the block. The ﬁrst was based on the cessation of supraspinatus muscle twitch with nerve stimulation during the
nerve block protocol. The second was based on the percent
reduction in external rotation force from baseline, which
assumes the motivation of subject is constant and there is
no residual fatigue from previous trials. Although we performed the ﬁrst check for all subjects, four subjects failed
to meet our criteria of a 50% drop in external rotation force
due to the block, with one subject demonstrating no drop
in force.
The nerve block performed in the present study diminished eﬀerent ﬁber information to the infraspinatus and
supraspinatus muscles, which was assessed with the use
of a nerve stimulator and measurements of MVC. In
addition, aﬀerent ﬁbers innervating musculotendinous
mechanoreceptors are housed within peripheral nerves
innervating muscles and joints (Burke et al., 1980, 1978).
Therefore, although we did not assess aﬀerent ﬁber information coming from these muscles, this was presumably
blocked as well. Both of these conditions would be similar
to what occurs in a full thickness cuﬀ tear. However, various branches of the suprascapular nerve also provide nerve
supply to the glenohumeral joint capsule (Gardner, 1948;
Solomonow et al., 1996). A loss of this aﬀerent feedback
could alter proprioceptive feedback information and the
contribution of these mechanoreceptors on the conscious
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awareness of joint position, movement, and reﬂexive
actions may be diminished (Safran et al., 1999; Strohm
and Colachis, 1965). Therefore, it must be acknowledged
that the kinematic changes observed in the post-block condition may have been due, in part, to an altered state of the
aﬀerent pathways arising from branches of the blocked
suprascapular nerve, which may not be observed in
patients with rotator cuﬀ tears.
On a ﬁnal note, while the loss of force generating capacity of the supraspinatus and infraspinatus in our model
may be similar to the weakness observed in patients with
full thickness rotator cuﬀ tear, there are many other symptoms of this pathology that were not reproduced in this
study, such as pain, limited internal rotation range of
motion and crepitus (Matsen et al., 2004). Thus in reality,
trying to model rotator cuﬀ pathology with a suprascapular nerve block is probably too simplistic of an approach.
However, that being said, it does provide important basic
biomechanical information, in the same manner that animal (Soslowsky et al., 1996; Dejardin et al., 2001; Tillander
et al., 2001) and cadavera models (Parsons et al., 2002;
Halder et al., 2002; Thompson et al., 1996) do that rely
on acute changes in rotator cuﬀ function.
5. Conclusions
The results of this study, especially those for upward
rotation, are in general agreement with what has been
found for patients with rotator cuﬀ tears. Although the
supraspinatus and infraspinatus do not directly control
the movement of the scapula, they appear to result in a
compensatory change the scapulothoracic rhythm. While
more work needs to be done, it appears that abnormal
scapular motion patterns observed in patients with cuﬀ
tears may be compensatory in nature.
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